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Abstract: To address the challenges of complex structures and large sizes in traditional
wall-climbing robots, a novel small-scale magnetic adsoprtion wall-climbing robot was designed,
capable of maneuvering on vertical surfaces and meeting the operational requirements in confined
spaces. Based on the vibration-driven theory, a foot structure with torsional characteristics
was designed, incorporating a magnetic adsorption mechanism. A dynamic model of the
wall-climbing robot was established, and numerical simulations were performed to analyze the
effect of excitation frequency and external load on the robot’ s motion speed. The results
indicated that the robot achieves the maximum climbing speed of 58. 7 mm/s under no-load
conditions and 44.9 mm/s when carrying a load equivalent to 0.7 times its own mass.
Experimental validation further demonstrated the maximum climbing speeds of 56. 5 and 30. 2
mm/s under no-load and loaded conditions, respectively. Additionally, by adjusting the
excitation frequency, the robot’s motion speed and direction can be effectively controlled.

Key words: wall-climbing robot; small-scale robot; vibration-driven; magnetic adsorption;
torsional characteristics
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